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Abstract: This paper deals with the design of the robust H x controller for uncertain time-varying delay systems. By 
taking a new Lyapunov-Krasovskii function[]we analyze the robust stability about delay-dependent and design a robust 
H x controller based on the linear matrix inequalities. So the closed-loop system is asymptotically stable[]and satisfies 
the given H x disturbances rejection level of the delay-dependent conditions. Then a class of low conservative controllers 
based on an improved cone complementary linearization algorithm can be designed. FinallyQa numerical example is 
given to illustrate the effectiveness of the design approach. 
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□ □□□□□□□□□□□□;□□ DVD □□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 
0 Lyapunov □□□□□□□□□□□□□□□□ 

□ ;□ □□□□□□□□□□□□□ H m n 

□ □□□□□□□□□□□□□□□□□□□□□ 

□ [□□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□□;□□ D50 □□□□□□□□ 

□ □□□□□□□□□□□□□□□□ □□ □ D10D 

□ □□□50 □□□□□□□ □□□□□□□□□□ 

□ □□□□□□□□□□□□□#-□□□□□ 
□ ;□□□!!□ □□□□□□□□□□□□□□□□ 
□ □□□□□□□□#-□□□□□□□□□□□ 

□ □□□□; WANG Cheng 1 ® □□□□□□□□□ 

□ □□□□□□□□□□□□□□□□□□□□ 

□ □□□□□□□ m □□□□□□□□□□□□ 

□□□□□□□□□□»□□□□□□□ Lyapunov 

□ □□□□□□□□□□□□□□□□□□□□ 
□ □ • 

□ □□□□ H. □□□□□□□□□□□□ 
□ □□□□□□□□□□□□□□□□□□□□□ 

□ □□□□man lmi□□□□□□□□□□□ 

□ □•□□□□□□□□□□□□□□□□□□a 

□ □□□□□□□COD Matlab □□□□□□□□ 

□□□□□□□□= 

1 □ □ □ □ 

□□□□□□□□□□: 

x(t) = ( (A + AA( t) )x( t) + 

(Aj + AAj( t) )x(t -d(t)) + 

(B + A B(t))u(t) + Gw(t))0 

z(t) = Cx(t) + C l u( t) (1) 

□ □□*(*) e R"H(t) e R P Ui(t) e R m Q wit) e 

*"□□□□□□□□□□□□'□□□□□□'□ 

□ □□□□□□□□□□□□□□□□□□□ 

w( t) enOQoc ); AQ^DBOGDCQC, □□□□□□□ 

□ □ □ □ □ mt) □□□□□□□□□□□□□□ 

□ □□□□□□□□□ °<d(i) < dj#(t) </ij < 

1Q*„[}i, □□□□□□ ^AQAA.DAB □ AQ4,[]B Q 

□□□□□□□□□□□□□□□: 

□ AA(f) DAA,(i) U\B(t) □ - 

( 2 ) 

□ □ QB 3 □□□□□□□□□□□□□ 

F( *)□□□□□□□ LebesgueD □□□□□□□] 

□ F T (t)F(t) ^i[yu □□□□□□□□□» 


□ □□□(i) □□□□□□ 

/ = J Uz T (t)z(t) - yoi( t) oil t) Ddf 
□□□□□□□(!)□□□□□□□□□□□□ 
□ □ : 

«(/) = K lX (t) +K 2 x(t-At)) (3) 

□ □ Tit) □□□□□□□□□□□□□□□□□□ 

□ □ □ CD □ 0 < rlt) < T m Qr </r 2 < lUrAU □ 

uuuomdouuuuu 

*( t) = <pl t) D e □ - dUU d = max( d m QrJ 

□ □ <pl «)□□□□□□□ « e □ - dQO □ □ □ □ □ 

□ [□□□□□□□□□(!)□□□□□□□□ 

jc It) - Ax(t) +A l x(t-d(t)) + 
Bxlt-rlt )) +Gw(t)[] 
zlt) = Cxlt) +C,K ? xll -t(/))0 
x(t) = <pl t) D e □ - 2DOT = max{J m Qj' m } 
(4) 

□ □ 

A = A + AAlt) + BK { + AB(t)*iO 
A, = A, + AA,(/)n 
B = (B + AB(t))K 2 U 
C =C + CK, 

□ □□□□□□□□□□□□ (3)DQ □ □ □ 

□;□□□ = 

!)□□□□□[□□□□□□□ wit) =0Q □ 

uumuunnu' 

2) □□□□□□□:□□□□□□□□□□□ 
□ □□□□□□□:□□□□□□□□□□□ 

□ □ r >0QD 

II T wz ls) II IIz || 2 *£y || w || 2 » 

□ □ l D1B □□□□□□□□□□□ QUUUd> 

o □ □ □ □ □ Oils): noMpM"Dn □□□□□□ 

□ □ □ : 

(J o)( s) ds) t Q(J Oil s) ds) s= 
dlj oi T l s) Qoil s) ds) 

D D 2 Dlfl □□□□□□□□□□□□!’□□□ 

MDVQ □ □ □ □ □ F T ( t) FI t) sc / □ □ □ □ □ 
FI t) □□ □ T + MFN + /V T F T M T <(>□□□□□□ 

□ □□□□□□□ £ > °CD □ 

T + sMM t + g-'rfN < 0. 

2 □ □ □ □ 

□ □ i □□r > om □e > om□□□□□□□ 
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□ □□□□□ TO.-M = 1Q2 □□□□□□□□ □□□: 
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n 

n 3 

PG 

(A + BK,) T Z, 

(A +BKiYZ 2 

PD 

(El +E 3 Ki) t 

(C + CiKi) t 



* 

n t 

0 

0 

AjZ i 

a]z 2 
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El 

0 



* 

k 

n 5 

0 

kb'z i 

k'b'z 2 

0 

( e 3 k 2 V 

(c t K 2 y 



* 

k 

k 

-y 

G t Zj 

g t z 2 

0 

0 

0 



* 

k 

k 

k 

- z i /d m 

0 

Z'D 

0 

0 

<0 (5) 


- 

k 

k 

k 

k 

- Z 2 /r m 

ZD 

0 
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* 

k 

k 

k 

k 

k 

-s l I 

0 

0 



* 

k 

k 

k 

k 

k 

k 

-el 

0 



* 

k 

k 

k 

k 

k 

k 

k 

-I 


D D 






i 1 - 

—x T (t)Q 2 x(t) -x T (t- 

- d(t)) Q 2 x( t 

- d(t)) + 

II 

= PA + AP + 

PBK , 

+ K'BP + — 

-—Qi + 










1 1 - 

Mi 

d m 

,X T (t)ZiX(t) +T, 

n x T (t)Z 2 x(t) 

~ 


n 2 = PA y + -j-ZjDI 1 3 = PBK , + —Z 2 n 

II, = - e, - j-z,Dff 5 - - Q 2 - —z 2 

DDDDDDDDD(3)DDDDDDDD(4)D 

ooooomooo^oooD-^ □□□□ 

□ □□□□□□ • 

□ □ □ □ □ Lyapunov □ □ : 

VU) = x T (t)Px(t) + —± —fx T (s)Q 1 x(s)ds + 

1 -ju(M 

—[ x T (s) Q 2 x(s) ds + 

£ (s ~ (t ~ d m ) )x t (s)Z l x(s) ds + 

£ (s-(t-r m ))x T (s)Z 2 x(s)ds (6) 

□ □ □*, =x{t + e) □ - 2d < 0 < OQ] □□□□□□ 

□ □ □ »(*) - on□□□□□□□□□ (4) □□ 
( 6 ) □ □ □ □ □ 

V(x t ) = 2x T (t)Pi(t) + - ' X r (t)Q t x(i) ~ 

1 - Hi 

—^ d,)x T (t - d(t)) Q { x(t - d(t)) + 

1 -Hi 

, ' x r (t)Q 2 x(l)^ h 1 (1 -t )jc'(/ - 

1 ~ Hi 1 ~Pa 

d(t)) Q 2 x(t - d(t)) + d m x T ( t) Zjjc( t) + 

T J T (t)Z 2 i(t) -j‘ x T ( s) Z 3 x( s) ds - 

JC T (s)Z 2 jc(s)ds <2 x T (t)Px(t) + 

- 1 — x T (t)QiX(t) ~ x T (t - d(t) )QMt - d(t)) + 
1 — Hi 


j£ ) i T (s)Z 1 i(s)ds - £ t X T (s)Z 2 x(s)ds (7) 
□ □□ 1 □ □ 

-J d( )X T (s)Z 1 x(s)ds <j (x(t) - 
x(t-d(t))) T Z l (x(t) -x(t-d(t))) - 
£ ( > x T (s)Z 2 x(s)ds < Ux(t) - 

x(t-r(t))) T Z 2 (x(t) -x(t-At))) ( 8 ) 

□ □ (8) □ □ □ (7) □□ □ □ AQ4jQB D □ □ □ □□ 

□ V( t) < ODD Schur DDDDDDDDDDD: 


PD 


(Ei +E 3 Ki) t 

0 


El 

0 

F[t) 

(E 3 K 2 ) t 

Z t D 


o 

Z 2 D 


0 


(El + E 3 Ki ) T 


PD 

El 


0 

( e 3 k 2 v 

0 

0 

F T (t) 

0 

ZiD 

Z 2 D 





r = 


III 

II 

II 

(A + BK { ) T Z, 

(A +BK,) t Z 

* 

n 4 

0 

AjZ, 

A\Z 2 

k 

k 

n 5 

k'b'z, 

kb'z 2 

k 

k 

k 

- Z, /d m 

0 

k 

k 

k 

k 

~Z 2 /r m 
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□ □□□□□(□□□□□) 


□ 13 □ 


77iQf7 2 m 3 m, m 5 □ □ □ □ ( 5 ). 

□ □ □ □ 2D □□□□□□□□□ □ 


PD 

~PD 

0 

0 

0 

0 

Z t D 

Z,D 

Z 2 D 

Z 2 D 


(E, + E 3 K t ) T 

(E 1 + E 3 K 1 ) T 

El 

E t 2 

( e 3 k 2 v 

(E 3 K 2 ) t 

0 

0 

0 

0 


□ □ SchurD m □ □ □ (1) □ □ V(x t ) < ODD D 
LyapunovDDDDDDD 0DDDD( 4 ) □□□□ 
DDDDDDD "(t\ ^ODPDDDD 

J = J D Z T (t)z(t) - y 2 w T (t)w(t)Udt s£ 

J D Z T (t)z(t) - y 2 w T (t)w(t) + 
F(jc,)Ddi + V(O) - V(«) 
DDDDDDDD v(o) = odh( «) >ODDD 
•/=sf°Dz T U)zU) -y 2 w T (t)w(t) +V(x)Udt 
D D 


v T U)(r, +d m 



C T 


C T 

0 

2 

0 

(C,tf 2 ) T 


(c,* 2 ) 

0 


0 


)v(t) 


D D 


r, = Gi ]dg, =d pg o od t 

rj(t) = D* T D) x T (t-d(t)) x T (t-T(t)) w t (j)D T 

DDD(2)DDDDDD(i)DDPDDD 

z T (t)z(t) -yw T (t)w(t) +v(x t ) <0 

D D D D 

D Z T (t)z(t) - y 2 w T (t) w{ t) Ddi < 0 

DDDDD #»DDDDDDD:DDDDDDD 
DDDDDD y > 0 D D 

II T wz (s) || s=yD 

□ II z II 2 ^ r II w || 2 

D D 1 D D ° 

□ □ 2_ DDDD y>0PDDDDDDDDDDD 
D TO.-M = 1D2 D D D m D D D ^ > OD 


z T (t)z(t) -yw T (t)w(t) + V(x t ) < DD 


11 

III 

//, 

G 

pa t + y]b t 

PA T + Y]B t 


PE] + Y]E] 

PC T + Y]C] 


* 

h. 

0 

0 

PA] 

PA] 

0 

PE] 

0 


* 

k 

n 5 

0 

y]b t 

y]b t 

0 

YlE] 

YlC] 


* 

k 

* 

- y I 

g t 

g t 

0 

0 

0 

< o (9) 

■k 

k 

* 

k 

- ( pz; p) /d m 

0 

sD 

0 

0 

k 

k 

* 

k 

* 

- ( PZ~P) / Tm 

sD 

0 

0 


k 

k 

* 

k 

* 

k 

-si 

0 

0 


* 

* 

* 

k 

* 

k 

k 

-si 

0 


. * 

* 

* 

k 

* 

* 

k 

k 

-I 




n 2 = A,P + j Z,Q 
h 3 = BY t + —Z 2 D 

T m 


n,--Q,-j-z,U 
h s = - Q 2 - 1 Z 2 

T m 

DDD (DDDDDDD y-D DDDDD D D 
DPDDDDDDDDD K i = D-P"‘K % Y ? p '□ 
DDDDD 

«(i) = Y l P'x(t) + Y 2 P l x(t -r(t)) (10) 
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□ □□□(!) □ □ m □ (5) □□□□□□□□ 

diag{P _1 P 1 P 1 I Z“‘ Z 2 ‘ / / /} 

□ □□□□□□□ P = = K t P~ l QY 2 = 

K.P-'UQ, = P QP 'W, = P'ZP' □ = 1Q2Q] □ 

□ □ (9) □ □ o 

□ □ □ □ (9) □ Q(PZ;'P)/d rn □ (PZ 2 P) /r,„ 
0000000000000000000000 

□ □□□□□□□□□□□□□□□□□ * = 

= Z 2 O0 □□□□□(9) □□□□□□□□□□ 


□ □□□ LMI □□□□□□□□□□□□ »□□□ 
Lyapunov □ □□□□□□□□□ 1/(1 -jOD* = IQ 
2 □ □ □ □ □ □ □□□□□□□□ □§□□□□□□ 

□ □ □ • 

□ □□□□□□□□□□□□□□□□□□ 

□ □□□□□□ D dkd DD □□□□□□□□□□ 

00*0 00000 S t QS 2 □ □ S, < PZ, '/»□ 

s 2 < pz-'pqd □□□(9) □□□□□□□□□□ 

□ □ : 


//, // 2 /7 3 G 

* n 4 o o 

* * ii 5 o 

* * * - -y 2 / 

k k k k 

k k k 

* * -k k 

k k k k 

k k k k 


PA 1 + Y]B' 

pa t + y]b t 

sD 

PA] 

PA] 

0 

Y]B' 

y]b t 

0 

g t 

G t 

0 

- S l /d m 

0 

sD 

k 

- S 2 /t,„ 

sD 

k 

k 

-el 

k 

k 

k 

k 

k 

k 


PE] + Y]E] PC t + Y]C] 


PEl 
Y]E] 
0 
0 
0 
0 

-el 

k 


0 

Y]C] 

0 

0 

0 

0 

0 

- 1 


< 0 ( 11 ) 


PZjP 3= Sj PZ-'P : 


( 12 ) 


□ □ □ □ mm, □ □ ( 9 ) □□□□□ = 
□ schur □□□□□( 12 ) □□ □ 


(13) 


s;' p 1 


s ; 1 p 1 


^oo 


p 1 2 ;' 


p 1 z 2 ‘ 


□ T i = s ; 1 0/ = p-'DR, = z-‘ff = 1Q2O0 (13) □ 

□ □ □ 


0 0 0 y- 

OOOOOOOOOPOO yUr m 0 0 0 d m \ 
DDD yUr m 0 0 00 0 0 0 0 0 UD . 

2) 000000000 UD 0 0 0 0 (?'□ 

y] 02! Dz‘0S‘ 0/ 1 Or, 1 DR, 1 ) D - 1Q2CD A- = i. 

3) o o o o o (? 0 im^,Ds,D/D 7 m) □ □ 

0 0 0 0 0 0 : 

Minimize Tr 




(14) 


( P l J + J k P + ]T ( TfS, + S-T,- + p'z + Zf*;) ) 
Subject to( 11) 


00000000000000000000 
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